MPB70 and MPB80 (MPB70/80) and MPB83 are closely related antigens which are highly expressed in Mycobacterium bovis. MPB70/80 are soluble secreted antigens, while MPB83 is an exported lipoprotein associated with the bacterial surface. In the present study, these antigens had different mobilities in sodium dodecyl sulfate-polyacrylamide gel electrophoresis under reducing and nonreducing conditions. These differences may be explained by the fact that MPB70 and MPB83 both have two internal cysteine residues which would create ring structures by disulfide bonding. We analyzed the structures of MPB70/80 and MPB83 by using monoclonal antibodies (MAbs) raised against bovine purified protein derivative or whole M. bovis cells. MAb 1-5C reacted specifically with MPB70 and MPB80, and MAb MBS43 reacted specifically with MPB83, while the other antibodies, including several previously described MAbs, bound all three antigens. MAbs and polyclonal antibodies reacted strongly with reduced protein and less well with nonreduced protein, indicating involvement of linear epitopes. Epitopes of MAbs Bov-1, 2-6B, 1-5C, and 1-1D were mapped by using synthetic peptides of MPB70. Sequence comparison showed the peptide with the 1-5C-reactive epitope to have three residues different from those in the homologous region of MPB83. Exchanges of A for S in position 112 or Q for E in position 116 abolished the reactivity of MAb 1-5C. Polyclonal rabbit antibodies to native purified MPB70 reacted strongly with peptides 6, 7, and 8 of the N-terminal half of mature MPB70. Cattle sera of experimentally M. bovis-infected animals recognized a broader spectrum of peptides. These findings indicate that there is diagnostic potential for these proteins and that there is also a possible role for antibodies in elucidation of the host-mycobacterium relationship involving a surface-bound and exposed lipoprotein, MPB83, and its highly homologous soluble secreted MPB70/80 counterparts.
MPB70 and MPB80 (MPB70/80) and MPB83 are homologous secreted mycobacterial proteins with limited species distribution (6, 8, 21, 22) . These proteins have generated much attention because they are highly expressed in Mycobacterium bovis and minimally expressed in Mycobacterium tuberculosis in vitro (6, 15, 32) and probably in vivo (3, 11) .
The MPB70/80 and MPB83 proteins have not been demonstrated in mycobacteria outside the M. tuberculosis complex, and they constitute a group of antigens with considerable potential for improved diagnostic tests for tuberculosis (TB) (9) . MPB70 is an important target antigen of humoral and cellular immune responses during infection with bovine and human tubercle bacilli (1, 11, 24, 26) and has been exploited in humoral tests for diagnosis of bovine TB (3, 11) . In experimentally infected cattle, the purified protein derivative (PPD) skin test response appears early, and as the disease progresses, it declines as the antibody response to MPB70 appears (11) . Cellular in vitro immune responses to purified MPB70 in human TB are also prominent and are comparable to those elicited by MPB64 (26) . MPB70 thus also has potential for diagnosis of human TB by means of a simple skin test or by in vitro stimulation of lymphocytes.
There are no differences between M. bovis and M. tuberculosis in the sequences of the expressed proteins encoded by the mpb70/mbt70 and mpb83/mbt83 genes (15, 19, 20, 25, 27) . It is not known whether there is a separate gene for MPB80. Comparison of MPB70 and MPB80 has never revealed any serological differences, but they are clearly distinguished by having different pIs (8) .
The deduced sequences of MPB70 and MPB83 contain typical hydrophobic signal peptides which are cleaved after translocation. The resulting mature peptides have 63% identical residues. Mature MPB83 differs from MPB70 in that it has a typical lipoprotein consensus motif (15, 29) and a unique insert of 35 amino acids at its N terminus with a putative glycosylation site (15) . The 26-kDa lipoprotein form has been confirmed by Triton X-114 extraction (10) and by site-directed mutagenesis with deletion of the cysteine in the consensus motif (29) . Flow cytometry of whole mycobacterial cells stained with MBS43 shows that MPB83 is found in association with the bacillary surface (12) . The presence of a secretion signal peptide encoded by the mpt70 gene and the predominantly extracellular occurrence of the MPB70 protein (30) indicate that it is a completely soluble secreted antigen not associated with the bacterial surface. The purified native 23-kDa MPB83 molecule (8) is also a soluble secreted (nonlipoprotein) variant of the 26-kDa MPB83 lipoprotein (12) . The MPB70/80 and MPB83 antigens are thus an example of highly homologous proteins with different localization in relation to the mycobacterial cell.
Several monoclonal antibodies (MAbs) to MPB70 or MPB83 have been described by independent groups. MAb Bov-1 was originally described as an anti-MPB70 antibody (5). In the SB series (33) , the epitopes of SB9 and SB10 were mapped to the N-terminal part of MPB70 by using an extensive panel of synthetic peptides (25) . 12/6/1 reacted with both MPB70 and MPB83 (32) . MBS43 (4) was recently shown to react only with MPB83 and not with MPB70 (32) .
The objective of this study was to provide novel information about the structures of MPB70/80 and MPB83 and to characterize several anti-M. bovis MAbs raised by Lyashchenko et al. (18) .
MATERIALS AND METHODS
Bacterial strains and culture fluid preparation. M. bovis BCG Tokyo substrain 172 was obtained from the National Institute of Health, Tokyo, Japan. The bacilli were grown as surface pellicles on the wholly synthetic Sauton medium for 2 to 3 weeks, and the culture fluid was treated by sterile filtration and ammonium sulfate precipitation as described in detail previously (6) .
Purified proteins. The native proteins MPB70, MPB80, and MPB83 were purified from BCG Tokyo culture fluid and tested for homogeneity as described previously (7, 8, 22) . Two different batches of MPB83 were used. MPB70 was reduced with 0.01 M dithiothreitol (DTT) for 30 min at 37°C and alkylated with 0.024 M iodoacetamide for 60 min at room temperature while kept in the dark. The preparation was finally dialyzed against phosphate-buffered saline (PBS).
Peptide synthesis. Overlapping synthetic peptides spanning the entire sequence of MPB70 (25) were synthesized by using 9-fluorenylmethoxycarbonyl chemistry and purified by C 18 Sep-Pak methodology as described previously (24) . A total of 19 20-mer peptides with 10-residue overlaps covered the signal sequence and mature MPB70 protein (see Fig. 5 ). Ten additional peptides were made to further characterize the MAb 1-5C-reactive epitope (see Fig. 7 ).
Polyclonal antisera. Rabbit polyclonal antibodies (PAbs) to MPB70 (K33, K34, K35, K216, and K219) (6, 7, 32) and to MPB83 (K483) (8, 32) were produced by immunization with purified proteins in incomplete Freund's adjuvant by standard procedures (6) . The anti-MPB70 antiserum K34 reacts with MPB70 and reacts poorly with MPB83 in Western blotting (32) . Polyvalent rabbit anti-BCG immunoglobulin (Ig), obtained by immunization with culture fluid and sonicate of BCG Copenhagen, Danish strain 1331, was a gift from DAKO Immunoglobulins, Copenhagen, Denmark.
MAbs. Table 1 gives a list of antibodies used in the present study and their reactivities in Western blotting. MAbs 1-5C, 1-1D, and 2-6B were generated by immunizing BALB/c mice with aggregated PPD from M. bovis (Kursk Biofactory, Kursk, Russia) (18) . Briefly, 100 l of 1% CrCl 3 (pH 5.0) was added slowly to 2 ml of PPD solution (5 mg/ml in 0.1 M acetate buffer, pH 7.5) with gentle shaking until visible turbidity appeared. The precipitated material was collected by centrifugation and washed twice in PBS. Mice were primed with 0.1 mg of the aggregated PPD subcutaneously or intraperitoneally and reimmunized several times intraperitoneally with the same dose at 3-to 4-week intervals. Antibody responses to PPD were monitored by enzyme-linked immunosorbent assay (ELISA). Mice were boosted intravenously with the same dose, and spleens were harvested 3 days later for cell fusion. Immune splenocytes were fused with X63-Ag8.6.5.3 myeloma cells at a ratio of 1:2 in the presence of 50% polyethylene glycol 3000 at pH 8.0. Culture supernatants were screened by ELISA against PPD from M. bovis or M. avium. Only hybridomas reacting preferentially with bovine PPD were selected for further study. Antibody 7-4D was developed by the same procedure. It was found to be biclonal and to have a contaminating isotype reacting with a low-molecular-mass band of M. tuberculosis and M. bovis not related to the reactivity against MPB70 and MPB83. The specificities of these MAbs at the molecular level have not been described previously. MAb Bov-1 was kindly supplied by S. Haga, Tokyo, Japan (5). MAb SB10 (33) was purchased from Agen Biomedical (Queensland, Australia). MAbs 12/6/1 (32) and MBS43 (4) were kindly supplied by R. G. Hewinson (Central Veterinary Laboratory, Weybridge, United Kingdom).
Bovine TB sera. Anti-MPB70 antibodies in sera from experimentally infected cattle have been described previously (11) . For this study, five sera were selected from group 4 animals with strong anti-MPB70 activity in the protein G ELISA (11) . Two normal bovine sera obtained from the Veterinary Institute in Oslo, Norway, were used as negative controls.
SDS-PAGE with immunoblotting. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was performed with the Pharmacia system for horizontal electrophoresis in a Multifor II electrophoresis unit 2117 (Pharmacia LKB Biotechnology AB, Uppsala, Sweden) with precast polyacrylamide gels (ExcelGel SDS 8 to 18% gradient or 15% homogeneous). Ten microliters containing 0.5 to 10 g of total protein was applied per lane. Semidry Western blotting (immunoblotting) was performed with Novablot electrophoretic transfer kit 2117-250 (Pharmacia) onto 0.2-m-pore-size nitrocellulose membranes (Schleicher & Schuell, Dassel, Germany). Rainbow molecular mass markers (Amersham International plc, Amersham, United Kingdom) were used as standards.
ELISA. Immunoplate Maxisorp (Nunc, Copenhagen, Denmark) 96-well plates were coated with highly purified native MPB70, MPB80, or MPB83 at 0.5 g/ well. Synthetic peptides were diluted in PBS and applied at 1 g/well. The plates were then blocked with PBS (pH 7.4) containing 5 mg of bovine serum albumin per ml. In the second layer various antibodies, as specified, were added diluted in PBS with 0.2% Tween 20. Horseradish peroxidase (HRP)-conjugated donkey anti-rabbit Ig (Amersham), HRP-labelled sheep anti-mouse Ig (Amersham), or HRP-labelled rabbit anti-bovine Ig (Cappel, West Chester, Pa.) was used as the secondary antibody. The substrate used was 2,2Ј-azino-di(ethylbenzthiazolinesulfate) (ABTS), and the plates were washed four times between each step with PBS containing 0.1% Tween 20. All reaction mixtures were set up in duplicate, with the mean value being used for recording and calculations. Results were read on an MR 7000 ELISA reader (Dynatech Laboratories Inc., Chantilly, Va.).
Capture ELISA. In double-antibody ELISA, MAbs were diluted in PBS. The blocking step was found to be unnecessary. In the second layer, dilutions of purified native MPB70 or partially reduced and alkylated MPB70 were applied. In the third layer, rabbit PAb K34 raised against purified MPB70 was diluted 
a The band strength was evaluated visually (see examples of Western blots in Fig. 2 and 3 ). 1ϩ, weak band; 2ϩ, medium-strong band; 3ϩ, strong band; Ϯ, slightly visible band; Ϫ, no visible band; ND, not determined.
b Purified protein separated in SDS-PAGE. c BCG Tokyo culture fluid protein separated in SDS-PAGE.
1:500, and in the final step, HRP-labelled donkey anti-rabbit Ig was diluted 1:1,000.
RESULTS
Mobilities of purified proteins in SDS-PAGE. Purified MPB70, MPB80, and MPB83 were subjected to SDS-PAGE with and without mercaptoethanol (ME) in the application buffer ( Fig. 1 ). MPB70 and MPB80 migrated with apparent molecular masses of 22 kDa with ME and 15 kDa in the absence of ME. MPB83 appeared as a double band which stained with MBS43 (data not shown). The doublet appeared under reducing and nonreducing conditions, with equal mobility shifts for both components of the doublet. The mobility of the upper band corresponded to 23 kDa with ME and 22 kDa without ME.
Reactivity of MAbs to purified MPB70 and MPB83. Western blotting after SDS-PAGE of purified native MPB70 and MPB83 is shown in Fig. 2A . Purified MPB70 and MPB83 displayed multiple bands, as previously reported (14, 32) , with the bands at apparent molecular masses of 44 to 46 kDa probably representing dimers. MAb 1-5C stained strongly for MPB70 and had no visible band for MPB83. It did not stain the dimer of MPB70. MBS43 reacted strongly with monomeric MPB83 but did not bind significantly to MPB70. The other MAbs (1-1D, 7-4D, 2-6B, and Bov-1) stained both monomer and dimer forms of MPB70 and MPB83, with a more pronounced reactivity toward MPB70. 12/6/1 and SB10 appeared to react more strongly with MPB83 in Western blotting. (These data are summarized in Table 1 .) The Western blotting results for 1-5C, 1-1D, and MBS43 were confirmed by ELISA with plates coated with purified MPB70, MPB80, and MPB83 proteins. 1-5C reacted strongly with MPB70 and MPB80 and was negative with MPB83 (Fig. 2B) . MBS43 showed the opposite pattern, with positive signals against MPB83 and negative signals against MPB70 (and MPB80), as described previously (32) . The titration curves for 1-1D and 7-4D (data not shown) were very similar for the three proteins. All the comparisons of MPB70 and MPB80 showed nearly identical titration curves, confirming previous data showing that these two proteins are very similar serologically (7) .
Reactivity of antibodies to MPB70/80 and MPB83 in crude BCG culture fluid. MPB70 is one of the major secreted components in BCG Tokyo culture fluid (30) . Crude BCG Tokyo culture fluid was separated by SDS-PAGE, and Western blotting was performed to determine the reactivities of various antibodies to MPB70/80 and MPB83 under reducing and nonreducing conditions. Results for selected antibodies to MPB70/80 and MPB83 are shown in Fig. 3 , and the data are summarized in Table 1 . Two major bands were detected under reducing conditions with the various antibodies. The broad band at 22 to 23 kDa contains MPB70, MPB80, and the nonlipoprotein form of MPB83, but the individual components cannot be resolved properly by SDS-PAGE. The 26-kDa band represents the lipoprotein version of MPB83. In the nonre- 1-5C and 2-6B reacted strongly with reduced samples but were completely negative without reduction. Of the MAbs, only Bov-1 stained the nonreduced 15-kDa band properly, while weak 15-kDa bands were seen with 1-1D and SB10. The polyclonal anti-MPB70 also stained the 15-kDa band but with lower intensity than the corresponding reduced 22-to 23-kDa band.
Only three MAbs (SB10, 12/6/1, and MBS43) stained the nonreduced MPB83 lipoprotein at 25-to 26 kDa, while three of the four tested rabbit PAbs stained this band properly, the last one being weakly positive. In particular, the polyclonal anti-MPB83 antibody, K483, stained this band strongly.
Specificities of MAbs by capture ELISA. The nonreduced MPB70 was not recognized by immobilized 1-5C, 1-1D, and 7-4D in capture ELISA, while strong reactions were obtained with the reduced sample. The results of a representative experiment using 1-5C are shown in Fig. 4 . MAb 12/6/1 was essentially negative in capture ELISA with both reduced and nonreduced MPB70 (data not shown). The capture ELISAs thus confirmed the data obtained by Western blotting showing that various MAbs react preferentially with reduced MPB70. However, when highly purified MPB70 was applied to polystyrene, 1-5C, 1-1D, and 7-4D reacted strongly with both reduced and nonreduced protein (data not shown). These data indicate that considerable conformational changes occur upon binding of nonreduced MPB70 to the ELISA well. With 12/6/1 the reactivity was less with reduced than with native MPB70.
Mapping of MAb epitopes with synthetic peptides. Since the MAbs and PAbs to MPB70/83 reacted strongly with reduced protein and less well with the nonreduced protein, linear epitopes were expected to be involved. Linear antibody epitopes within MPB70 were mapped by using 20-mer peptides with 10-residue overlaps (Fig. 5) . Figure 6 shows the results obtained with five MAbs reacting with five different epitopes along the molecule. Bov-1 reacted with peptides 4 and 5. SB10 reacted with peptides 5 and 6, which is in agreement with its original characterization (25) . MAb 2-6B reacted with peptides 9 and 10. MAb 1-5C reacted with peptides 11 and 12, while MAb 1-1D reacted with the C-terminal peptides 18 and 19. MAbs 7-4D and 12/6/1 were completely negative (optical density [OD] readings of below 0.2), suggesting that these antibodies react with conformational epitopes of MPB70. HYT27, which is a MAb to the antigen 85 complex (31), was negative as well, being included as a control (data not shown).
Fine specificity of MAb 1-5C. The fine specificity of MAb 1-5C was further investigated because this is the first MAb shown to react only with MPB70/80 and not with MPB83. Comparison of the peptide 11 sequence with the corresponding sequence in MPB83 (15, 20) showed three different amino acid residues in the MPB83 sequence. These three residues were systematically replaced in synthetic peptides. Figure 7 shows their reactivities with MAb 1-5C in ELISA. Substitutions of A for S in position 112 (peptide 11.1) or of Q for E in position 116 (peptide 11.2) abolished the reactivity with 1-5C. Substitution of D for N in position 120 (peptide 11.3) did not affect the reactivity of 1-5C significantly. By using truncated versions of peptide 11 the epitope was further limited to the decapeptide 11.10 (LPASTIDELK).
Mapping of PAb epitopes with synthetic peptides. To identify the most immunogenic linear epitopes in MPB70, we analyzed five rabbit PAbs raised by using highly purified native MPB70 as an immunogen. Figure 8A shows their reactivities with the individual peptides in ELISA. Four of the five rabbits showed strong binding to peptide 6, three showed strong binding to peptide 7, two showed strong binding to peptide 8, and one showed strong binding to peptides 5, 10, and 11. The peptides from the C-terminal half of the mature protein, peptides 12 to 19, were negative. The antibody response to linear epitopes of MPB70 upon immunization with native MPB70 thus appeared to be clustered around peptides 5 to 11, with the region spanning peptides 6 to 8 being most immunogenic. Three normal rabbit sera were all negative (OD readings of below 0.2) throughout the peptide series (data not shown).
Mapping of antibody epitopes in infected cattle. To identify the most immunogenic linear epitopes in MPB70 during experimental infection of cattle with M. bovis, five individual sera taken from cattle 25 weeks after infection were analyzed. Figure 8B shows that the animals had positive antibody responses against a much broader range of peptides than the rabbit sera, but peptides 1 and 2 from the signal sequence were still negative. All five animals were positive with peptides 3, 6, 7, 8, 10, and 19. The strongest responses were measured against peptides 6 and 8. Thus, this region of MPB70 contains the most immunogenic linear epitopes of the molecule upon immunization with purified protein and during infection with bovine tubercle bacilli. In contrast to rabbit sera, bovine sera had antibodies to the C-terminal peptides 16 to 19. This confirms the epitope defined by MAb 1-1D in peptide 19. This antibody epitope was not predicted by the Jameson-Wolf algorithm (16) . For a negative control, two normal bovine sera of Norwegian origin were tested (data not shown). The background activities in this system were slightly higher than those with the rabbit sera (OD readings of below 0.3). One of these control sera showed an unexplained positive response to peptide 17 (OD of 0.6).
DISCUSSION

Analysis of MAbs directed against MPB70/80 and MPB83
showed that most MAbs identify shared epitopes on these molecules. There are two exceptions: 1-5C and MBS43 react specifically with MPB70/80 and MPB83, respectively. The reactivities of the MAbs were also found to be highly dependent on the conformational structures of these proteins. Their preferential reactivity with ME-or DTT-treated proteins and mapping of MAb and PAb epitope specificities with synthetic peptides show that linear epitopes of MPB70 are major antibody targets both upon immunization with protein preparations and during infection with M. bovis.
Structural considerations. The MPB70 and MPB80 proteins showed a significantly retarded mobility after reduction with ME or DTT. Most monomeric proteins do not exhibit different mobilities with and without reduction. In MPB70, there are two widely spaced cysteines in the polypeptide chain that may alter the three-dimensional structure of the molecules by mediating internal disulfide bonding. Proteins with internal disulfide bridges are not properly unfolded by SDS treatment and therefore migrate faster than extended polypeptides in SDS-PAGE. The mobility difference between reduced and nonreduced MPB70 corresponded to a difference in molecular mass of 7 kDa and represents the difference observed when the 133-amino-acid sequence (13.4 kDa) placed between the two cysteine residues is unfolded. Both the 26-kDa lipoprotein version and the 23-kDa MPB83 protein migrated with a molecular mass difference of about 1 kDa in reduced and nonreduced samples. This difference is quite small compared to that observed with MPB70, although 133 amino acids are enclosed within the disulfide loop in both sequences. The mobility difference between reduced and nonreduced MPB83 is less than expected from the size of its loop (13.6 kDa). This finding suggests that the tertiary structure of MPB83 is more stable than that of MPB70. There are two major structural features that may explain the stabilization of the MPB83 structure: (i) The extra N-terminal piece of 31 amino acids and (ii) carbohydrate and lipid conjugation. The 26-kDa lipoprotein version of MPB83 showed even less of a difference in mobility (re -FIG. 6 . Characterization of linear epitopes by using the 19 overlapping peptides shown in Fig. 5 , each applied at 1 g/well in duplicate ELISA wells. MAbs Bov-1, SB10, 2-6B, 1-5C, and 1-1D were applied in the second step, and HRP-labelled anti-mouse Ig was applied in the final step.
FIG. 7.
Further characterization of the specificity of 1-5C performed with variants of MPB70 peptide 11. Substitutions S3A, E3Q, and N3D singly and in combinations of two and three were made on basis of the MPB83 sequence. Truncated peptides were constructed for precise mapping of the epitope. The OD values in a representative ELISA experiment are given. duced versus nonreduced), supporting the idea that carbohydrate and lipid conjugation may play a role in stabilization of its tertiary structure. The mobility difference between reduced and nonreduced MPB80 in SDS-PAGE was comparable to that of MPB70, which indicates that MPB80 has a similar ring structure. Figure 9 shows schematically the proposed ring structures of the mature MPB70 and MPB83 molecules. Internal disulfide bonding was recently demonstrated for antigens 85A and 85B (13) , but in this case there is no significant effect on the apparent molecular size in SDS-PAGE upon reduction, because the two cysteines are closely positioned.
An additional feature is also of interest. The apparent molecular mass of reduced MPB70 (22 kDa) is much higher than the deduced mass of mature MPB70 (16.3 kDa), which is more consistent with the 15.1-kDa value determined by sedimentation equilibrium centrifugation (22) . One possible explanation for its low mobility in SDS-PAGE may be less binding of SDS to the polypeptide chain than is the case with most other proteins. Concerning MPB83, the difference between deduced (19.8 kDa) and apparent (23 kDa) molecular mass is half that for MPB70. This reduction is probably related to glycosylation of MPB83.
Linear epitopes of MPB70. The presented data show that there is a series of different linear B-cell epitopes on MPB70. The two epitopes previously characterized with MAbs SB9 and SB10 and the presently characterized Bov-1 epitope were within the same N-terminal region as the linear epitopes defined by the rabbit PAbs to MPB70. The sera of experimentally infected cattle also responded strongly within the same region but generally showed a broad range of specificities on the mature MPB70 molecule. The different recognition of epitopes of PAbs from rabbits and cattle may be explained by the fact that the former were obtained by immunization with purified protein, whereas the latter came from M. bovis-infected animals. However, experimental infection of rabbits with M. bovis is necessary to verify this finding. Interestingly, three of the four new anti-bovine PPD MAbs were directed towards linear epitopes different from those characterized by using SB9 and The 2-6B and 1-1D epitopes may overlap the OSF-2 homology regions I and II, respectively (28) . More detailed analysis with truncated peptides is needed to establish the exact positions of these epitopes and whether these antibodies may be of value to study the interaction between OSF-2 and MPB70/80 and MPB83. The 1-1D epitope also overlapped with a previously characterized T-cell epitope (24) . Two other previously mapped T-cell epitopes did not coincide with any of the MAb epitopes (1, 24) . Surface-exposed versus hidden epitopes. The linear epitopes of MPB70 defined by MAbs were apparently not exposed on the surface of the soluble native MPB70 but became available upon reduction of the S-S bridge, as shown by capture ELISA. Reduction of the S-S bond was not required for exposure of these epitopes, because the MAbs bound to nonreduced MPB70 immobilized on polystyrene. The data from Western blotting experiments also generally support that the MAbs and PAbs are primarily directed towards epitopes that become exposed upon reduction. Conformational epitopes on MPB70 probably do exist. There is indirect evidence by the lack of binding of MAbs 12/6/1 and 7-4D to any of the synthetic peptides. These conformational epitopes are apparently not exposed at the surface of MPB70, because the capture ELISA was negative.
It has previously been shown that hyperimmune rabbit sera precipitate soluble MPB70 (6), but the current observations suggest that the majority of B-cell epitopes, conformational or linear, are hidden within the MPB70 molecule. The apparent tendency for formation of antibodies to hidden epitopes may be related to the molecular mimicry between MPB70/MPB83 and OSF-2 (28), which may explain why surface structures of MPB70/MPB83 are less immunogenic.
It is well known that considerable conformational changes may occur when proteins are applied to plastic supports (2) . In this instance, it appears to be a great advantage to use purified MPB70 immobilized on polystyrene for detection of anti-MPB70 antibodies towards epitopes hidden within the MPB70 molecule. The bovine TB sera were shown to react extensively to linear epitopes along the MPB70 molecule, and our data suggest that the use of polystyrene-fixed MPB70 is the method of choice for detection of these antibodies.
Immune responses to MPB70 versus MPB83 in bovine TB infection. The knowledge gained in this study is expected to help improve serological applications as well as our understanding of the immunopathology of mycobacterial infections by providing tools to distinguish between antibodies to specific and cross-reactive epitopes on MPB70 and MPB83. Early antibody responses in bovine infection were shown to be directed towards a broad 26-kDa band in a Western blotting study (23) . MPB83 is probably the main lipoprotein constituent of this band and the main target for these early antibody responses. The anti-MPB70 responses appear to develop at a later stage of the disease process (11) . In view of the extensive homology between the MPB70 and MPB83 molecules, one would expect that these antibody responses would develop in parallel unless specific epitopes were involved. The new MAbs to specific (1-5C in particular) and cross-reactive epitopes of MPB70 and MPB83 will be of great importance for further differentiation of antibody responses towards these proteins. In view of the fact that MPB83 is a surface-exposed lipoprotein (12, 15, 17, 29) and that MPB70 is efficiently secreted as a soluble protein (30) , the study of the specificities and kinetics of development of antibodies to these proteins may give new insight into the immunopathology of mycobacterial infection.
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